Regulation of PP2A activity by Mid1 controls cranial neural crest speed and gangliogenesis.
X-linked Opitz syndrome (XLOS), caused by mutation in the MID1 gene, is a midline malformation syndrome with obvious craniofacial abnormalities. Because cranial neural crest cells (CNC) play a pivotal role in cranial morphogenesis, we examined the spatio-temporal expression of cMid1 in chick embryos and investigated if alterations in Mid1 protein function, specifically the ability of Mid1 to negatively regulate levels of protein phosphatase 2A (PP2A), affected CNC survival or migration. During the main phase of CNC migration (stage 9 to 11) cMid1 is strongly expressed within r2 and a subset of CNC in cranial mesenchyme at the level of r1/2 to the isthmus, but is not expressed in more caudal CNC streams. Inhibiting cMid1 function in r2 elevated PP2A levels. Overexpression of PP2A in r2 slowed CNC migration in vitro and in ovo and inhibited trigeminal gangliogenesis. Conversely in r4, forced expression of cMid1, or pharmacological inhibition of PP2A lowered PP2A levels. Inhibition of PP2A in r4 CNC in vitro up-regulated the disintegrin and metalloprotease ADAM10 and selectively increased CNC motility on fibronectin and collagen substrates, but not on laminin. In ovo, inhibiting PP2A activity in r4 increased CNC migration and hastened formation of the geniculate/vestibuloacoustic ganglion, comprising mostly epibranchial placode neuroblasts. Placodal neuroblast migration into the cranial mesenchyme is known to depend on the presence of r4 CNC and we show that inhibition of PP2A in r4 CNC causes premature breakdown of the epibranchial placode basement membrane and early immigration of placodal neuroblasts. In all cases, CNC proliferation and death were unaffected by altered PP2A levels. We propose that factors capable of altering PP2A activity, such as Mid1, affect CNC motility and matrix remodeling, thereby modulating craniofacial development.